Lactation and stressor exposure both influence the activity of the immune system, but the interaction of both factors on the immune defense is poorly understood. The aim was therefore to investigate in lactating Long-Evans rats the effect of social stress on aspects of cellular immunity in the blood and mesenteric lymph nodes (MLN). Acute social stress (2 h) was induced in lactating and non-lactating female intruders using a confrontation model that yielded into social defeat and increased plasma corticosterone concentrations. Stress as well as lactation had marked effects on the immune system. Acute social stress caused granulocytosis, reduced lymphocyte proliferation, and cytokine production in the blood, but had no significant effects in MLN. In the blood of lactating rats, increased numbers of granulocytes and enhanced phagocytosis, but decreased B cell numbers and reduced IL-2 production was observed. However, in MLN both lymphocyte proliferation and monocyte numbers were increased in lactating rats. The effect of stress on the immune measures was often similar in lactating and non-lactating females, but a few important differences were evident: Only non-lactating animals showed an increase in blood granulocyte numbers and a decrease in IL-2 production in response to stressor exposure. Thus, during lactation, a neuroendocrine status may exist which impedes stress-induced modulations at least of some immune parameters.
Introduction
The period of lactation takes up a large part of life in many mammalian species, with profound hormonal, morphological, and behavioral changes occurring during that time. Apart from changes related to milk production, alterations in certain brain regions such as the supraoptic nucleus (Mann and Bridges, 2002; Theodosis et al., 1981) and in the HPA system (Carter et al., 2001; Magiakou et al., 1997; Shanks et al., 1999) occur. In addition, the behavior of lactating females is often characterized by reduced anxiety (Hard and Hansen, 1985; Neumann et al., 2000; Toufexis et al., 1999) and increased aggression towards unfamiliar conspecifics (Gammie et al., 2005; Wise, 1974) . Whereas in animals lactation is associated with an increased susceptibility to parasitic infections (Barger, 1993; Festa-Bianchet, 1989; Ngwenya, 1977; Shubber et al., 1981) , studies in humans show a postpartum relapse of established autoimmune disorders such as rheumatoid arthritis and multiple sclerosis, often described as a flare-up due to the rebound of the immune system after pregnancy (Buchel et al., 2002; Nelson and Ostensen, 1997; van Walderveen et al., 1994) . Furthermore, the postpartum period in humans is also associated with the onset of the postpartum autoimmune thyroid syndrome (Amino et al., 1982; Muller et al., 2001) .
The immune system of lactating animals was the focus of only a small number of studies with mostly different experimental designs. It appears, however, that some aspects of immune function become suppressed, while others remain unaffected or become enhanced. For example, antibody production after immunization (Jäckel, 2003; Ngwenya, 1977) and IL-2 production in the spleen (Shanks et al., 1997) was found to be suppressed during lactation in rodents. Conversely, increased concentrations of plasma IL-6 or an enhanced proliferative response of lymphocytes from mesenteric lymph nodes (MLN) suggest activation of other immune responses (Shanks et al., 1997) . Similarly, in humans, an increase in serum IL-6, TNF-a, IFN-c, and IL-10 concentrations and higher numbers of blood cytotoxic T cells and B cells were observed during lactation (Groer et al., 2005) . For NK cell numbers, conflicting data exist: Groer et al. (2005) reported a decreased NK cell number during lactation, whereas Watanabe and colleagues (1997) show increased or unaltered values.
Stressors have a major impact on the immune system in male (Avitsur et al., 2002; Shurin et al., 1994; Stefanski and Engler, 1998; Stefanski et al., 1996) and female rats (Stefanski and Grüner, 2006) . In females, the stress responses can vary considerably depending on the reproductive status. For example, susceptibility to NK cell-dependent tumor metastasis after surgery stress differs
